Determination of acidic dissociation constants of glutamine and isoleucine in water using ab initio methods [Ab initio yöntemler kullanılarak glutamin ve izolösinin sudaki asidik ayrışma sabitlerinin saptanması] ABSTRACT Objective: In this study, pKa values of glutamine and isoleucine were determined in aqueous solution by ab initio and DFT methods. To explain the obtained values of pKa, the molecular conformations and solute-solvent interactions of the anions, cations, and neutrals molecules of glutamine and isoleucine were investigated. The experimental determination of these values, apart from been laborious, is a challenge because of the low water solubility of these compounds. Methods: We have evaluated different models to determination of pKa, using the density functional theory (DFT) method at the B3LYP level of the theory. Results: this study shows the several ionization reactions and equilibriums in protic solvent, which possess a high hydrogen-band-donor capability. These reactions and equilibriums constitute the indispensable theoretical basis for calculation of glutamine and isoleucine acidity constants. Tomasi's method was used to analyze the formation of intermolecular hydrogen bonds between the existent species and water molecules. In this way, it is proposed that in alkaline aqueous solutions the cation, anion, and neutral species of glutamine and isoleucine are solvated with one, two, three, and four molecules of water, respectively. In this study, there is comparable agreement between the experimental and calculated pKa values for the acid-base reactions proposed. Conclusion: In this paper, The calculations performed at the B3LYP/6-31+G(d) levels of theory using Tomasi's method allowed us to prove that cations, neutral molecules, and anions form IHBs with some molecules of water. It is shown that, theoretically calculated pKa values are in good agreement with the existing experimental pKa values, which are determined from potentiometric titration and UV-visible spectrophotometric measurements. Key Words: Ab initio method, DFT method, ionization constant, isoleucine, glutamine Conflict of Interest: Authors have no conflict of interest.
With the high speed development of computer technology and the wide applications of G98 program package [16, 17] , more and more quantum chemical computations on transition metal complexes, in particular, the computations applying density functional theory (DFT), which account better for electron correlation energies and reduces greatly the computation expenses, have been reported [18] . Recently, more and more quantum chemical density functional theory (DFT) [19] [20] [21] investigations, which are based upon a strategy of modeling electron correlation via general functional of electron density, have been reported [22] [23] [24] [25] [26] [27] [28] . DFT method can better consider the electron correlations and needs less computational expense. Although the computations of the energies and spectral properties in an absolute meaning still have errors to a certain extent for transition metal complexes with relatively large size, some interesting trends in the electronic structures and related properties of the complexes can be obtained, and such trends can be used for references in the synthesis and the mechanistic analysis of the complexes [29] . Therefore, it is of particular interest to perform theoretical studies on these systems, especially using density functional theory (DFT) methods which have been developed recently and which produce very encouraging results. Density functional theory methods offer an alternative use of inexpensive computational method and are capable of handling fairly large chemical systems. If the DFT method scan accurately describes a potential energy surface, they will become a method of choice for studying various biological systems [30] .
In this paper, the effective factors such as the self-consistent reaction filed (SCRF) and selecting thermodynamic equation used for atomic and cavity formation in solution (water) are checked and geometry optimization in water, including electron correlation on the power play sets and compensation-free solution and pK a values of glutamine and isoleucine in aqueous solutions are calculated using the ab initio and DFT methods at 25°C. As pK a is equal to ∆G/2.303RT, where ∆G is a free energy change of the dissociation reaction either in a gas or solution, activity of compound can be determined by the ∆G values. Calculated total energy (using the Tomasi's method at the B3LYP/6-31+G(d) level of theory) for cationic, neutral, and anionic species of glutamine and isoleucine at T=298.15 K are shown in Table 1 . Figure 1 shows the structure of glutamine and isoleucine the practical numbering system adopted for performed the calculations. The initial geometries of the molecules of glutamine and isoleucine also, their anions and cations were modeled by the semiempirical PM3 method included in the program HyperChem version 7.0. These
Methods

Introduction
Glutamine is the most abundant amino acid in the body [1] . The consumption of glutamine increases under such stresses as exercise and disease. Glutamine has received considerable attention, because decreased plasma glutamine concentration is associated with both immunosuppression after intense exercise and the over-training syndrome [2, 3] . Therefore glutamine supplementation is recommended for athletes [4] . Recently, the role of glutamine in immunosuppressive condition is a hot topic. Supplementation of glutamine was reported to reduce the infectious incidents after marathon [5] , but failed to improve the post exercise decreases of lymphocyte functional [6] whereas meta-analysis proved a beneficial effect of glutamine on the incidents of infectious complications after surgery and trauma [7] .
The level of glutamine in body of many people with cancer is low. Due to this reason, some researchers think that glutamine may be useful when added to conventional cancer treatment for some people. Supplemental glutamine is often given to malnourished cancer patients undergoing chemotherapy or radiation treatments and sometimes used in patients undergoing bone marrow transplants.
Isoleucine (Ile) a side-chain and hence it is analogous to alanine, valine and leucine. However isoleucine is the only one of the four amino acids with and aliphatic sidechain that has a stereocenter at the β-carbon. This carbon has an R-absolute configuration. Isoleucine is an isomer of the leucine and higher homologue of valine. This also implies that the isoleucine side-chain can reach further out than that of valine. For this reason, isoleucine in a protein may have not only a structural but also a functional role to play. Recent studies have shown that Ile may be useful in the treatment of metabolic syndrome, diabetes, adiposity, and hepatic encephalopathy [8] [9] [10] . Furthermore, Ile derivatives have been targeted for the development of drugs, such as (2S,3R,4S)-4-hydroxyisoleucine [11], neuropeptide glutamic acid-isoleucine [12] , and N-methyl-4-isoleucine cyclosporine [13] . Traditionally, Ile has been extracted from animal tissues and produced through chemical synthesis.
The prediction of pK a values of solvated molecules has attracted much attention in the computational chemistry community over many years. The acid dissociation (ionization) constant pK a is one of the fundamental properties of organic molecules determining degree of dissociation at a given pH. Acidic dissociation constants have many usages in chemical, biological, environmental, and pharmaceutical research because the important physicochemical properties, like lipophilicity, solubility, and permeability, are all dependent on pK a . Acid dissociation constants also provide an insight into interactions of drugs containing ionizable groups with a receptor [14] . In addition, the determination of dosage forms and the regimes of drugs are also related to their pK a values [15] . the solvation of the specimen by means of intermolecular hydrogen bonds (IHB) that involves one molecule of the mentioned specimen and some molecules of water.
Results and Discussion
Amino acids are chemical subunits of proteins. They make up proteins and therefore are called the building blocks of the default convergence criteria. To analyze the solvent effects on all the species involved in the proposed ionization reactions, the polarized continuum model (PCM) of Tomasi's et al. is used [32] .
In addition, to shed light on the experimental pK a values of glutamine and isoleucine in water, the some conformers were examined by the program. Eventually, we selected 
The K w constant is the ionic product of water. Taking into account that the H + ion is hydrated, appearing predominantly as H 3 O + the autoprotolysis of water is better represented by the following reaction:
Taking into account that water is only slightly dissociated and to simplify the discussion, we shall make the approximations of replacing the activities in acidity constants by the numerical values of the molar concentrations. Consequently [35] :
First ionization constant of glutamine and isoleucine It can be selected that in alkaline solutions glutamine suffers a reaction of partial neutralization as follows: 3 is the glutamine cation solvated with three water molecule and HL(H 2 O) 4 :Z represents glutamine natural solvated with four molecules of water. The previous reaction is characterized by an equilibrium constant, K C1 , which was theoretically determined. Besides, water auto pyrolysis also takes place:
The selected reaction considers that both H + and OH -ions are hydrated with one water molecule. Further, indicating with K N the equilibrium constant of the reaction of equation 7 and taking into account equations 4 and 5, it is inferred that K W =K N [H 2 O]. Thus, it can be found that: proteins. Thus, amino acids studied in recent years have become a major issue. Also studied the biological activity is not limited only to amino acids. In both aqueous solution and the crystalline state amino acids exist as zwittern ions, in which both the amino and carboxylic groups ion-
. In matrices of noble gas they can be obtained in their non-ionizied form. The loss of the hydrogen atom, the proton, the acid dissociation constant of the acid pK a is determined. Glutamine and isoleucine are two acidic groups include the ammonium and carboxyl. Loss of protein from the ammonium group of the carboxyl group is therefore more likely, so this is equal to the ionization for k 1 :
And k 2 Included the ammonium proton is:
Where R is H 2 NCOCH 2 CH 2 and CH 3 CHCH 2 CH 3 for glutamine and isoleucine, respectively. It can be shown that for a dibasic acid the first ionization constant K 1 is the sum k 1 +k 2 and the second ionization constant K 2 is (k 12 ·k 21 )/ (k 12 +k 21 ), where the subscript 12 denotes loss of proton 2 following loss of proton 1 and subscript 21 denotes loss of proton 1 following loss of proton 2 [34] .
Solvent-solute interactions
It is known that all aqueous solutions contain hydrogen (H + ) and hydroxyl (OH − ) ions. In pure water, these ions are completely derived from the ionization of the water molecules: 
The first ionization constant for isoleucine is obtained from combining equations (7) and (11) and is shown in equation (12) . (12) It is evident that:
Second ionization constant of glutamine and isoleucine
Here, it is selected that the neutral HL(H 2 O) 4 :Z and anion L-(H 2 O) 4 (for glutamine) suffer total neutralization as follows:
In the above reaction, L -(H 2 O) 4 ( Figure 5 ) represents the anion solvated with four water molecules. The reaction described in equation 14 is characterized by another equilibrium constant, K C2 , which was also theoretically determined. Combining equations 4 and 14, the second ionizaBy combining equations 6 and 7, we obtain the reaction of equation 9 which defines the first ionization constant of glutamine and glutamine solvation and neutral review:
It is evident that:
The above equation is used for the first ionization constant.
In Table 2 (Table 3 and Figure 3 ). As seen in Table 3 , O 8 atomic charge in the neutral glutamine is more negative than one in its cation.
The first ionization constant for isoleucine, It is selected that in alkaline solutions isoleucine suffers a reaction of partial neutralization as follows: properties of the moderate hydrogen bonds have the following characterization: bond lengths of H···B is between (1.5 and 2.2) Å, and the bond angle is 130° to 180°. For weak hydrogen bonds, the bond length and angle are (2.2 to 3.2) Å and 90° to 150°, respectively, and for strong hydrogen bonds are (1.2 to 1.5) Å and 175° to 180°, respectively. The IHB of the all species of two drugs belongs to the weak closely to moderate and moderate.
As shown in the Figures 8‚ the total free energy increase when number of solvation water molecules increase. Therefore‚ we can result that solvation of species is endothermic phenomena.
Conclusions
In this paper, we show the feasibility of a theoretical method that uses pH values to determine the acidic dissociation constants of glutamine and isoleucine. Also, we have shown that these constants can be calculated with an acceptable degree of accuracy. With this purpose, we selected various acid-base reactions that take into account the solvation of the hydrogen, hydroxyl ions, and other cations or anions in protic solvents such as water, which possess a high hydrogen-bond-donor capability. We also observed that the nucleophilic attack on the hydrogen atoms of the COOH and NH3 + groups but for glutamine drug molecule, the three nucleophilic attacks on the hydrogen atoms of NH3 + and two OH -groups. The calculations performed at the B3LYP/6-31+G(d) levels of theory using Tomasi's method allowed us to prove that cations, neutral molecules, and anions form IHBs with some molecules of water. It was shown that, theoretically calculated pK a values are in good agreement with the existing experimental pK a values, which are determined from potentiometric titration and UV-visible spectrophotometric measurements. Acknowledgment Thanks are gratefully extended to the Faculty of Chemistry, University of Ayatolla amoli, for its valuable help with this work.
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The equilibrium constant K a2 that characterizes the above reaction is linked with constants K C2 and K N by:
It is clear that the formation of the neutral glutamine implies that the electronic density of the N 10 atom decrease notably (in absolute value) with respect to the N 10 atom of the glutamine anion.
The second ionization constant is obtained for isoleucine molecule:
In the above reaction, HL(H 2 O) 3 :Z ( Figure 6 ) represents the neutral isoleucine with three water molecule and L -(H 2 O) 3 ( Figure 7 ) represents the anion isoleucine solvated with three water molecules. The reaction described in equation 17 is characterized by another equilibrium constant, K C2 , which was also theoretically determined. Combining equations 7 and 17, the second ionization reaction of isoleucine was obtained:
Also for isoleucine observe that N 9 of neutral electronic density decrease respect to N 9 atom of isoleucine anion (becomes more positive).
The pK a values of glutamine and isoleucine theoretically calculated are relatively comparable with the experimentally determined pK a (see Table 2 ).
The molecule of water originated from the acid-base reaction, together with the hydration water molecules of the glutamine and isoleucine, and these are the molecules of water that interact with the glutamine and isoleucine molecules by means of IHBs. The distances and angles that characterize these IHBs (Tables 3 and 4) indicate that they belong to the class of weak closely to moderate and moderate IHB. According to references [36] and [34] , the [11] Ogawa J, Kodera T, Smirnov SV, Hibi M, Samsonova NN, et al. 
